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(54) MECHANICAL PART HAVING ROLLING ELEMENTS 



(57) A mechanical part consisting of an outer mem- 
ber having a race surface on the Inner side thereof, an 
inner member having a race surface on the outer side 
thereof, and rolling elements inserted between the race 
surfaces of these outer and inner members. Mechanical 
parts of this kind include a hub bearing and a constant- 
speed universal joint for automobiles, which are required 
to reduce the dimensions and weight thereof. The outer 
member having a complicated shape is formed out of 
medium carbon steel which can be processed easily, and 
its race surface is subjected to induction hardening, so 
that the resultant hardened surface layer can ensure a 
sufficient abrasion resistance. However, how to prolong 
the lifetime of the rolling elements, such as bails, used 
under a high surface pressure but increasingly redacted 
in weight, is posing a problem. The mechanical part 
according to the present invention has an induction hard- 
ened layer as a race surface layer of its outer member, 
and consists of medium carbon steel containing 0.50- 
0.70 % by weight of carbon and 0.5-1 .0 % by weight of 
silicon and/or aluminum. The rolling elements rolling or 
slidingly moving on the mentioned race surfaces are 
formed out of hardened and tempered high carbon chro- 
mium bearing steel, and have carbonitrided surface 
layer, and this enables the lifetime of the rolling elements 
under a high surface pressure to be improved. 
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Description 

Field of the Invention 

The present invention relates to a mechanical part having rolling contact elements, such as a constant velocity joint 
or a rolling contact bearing, whose fatigue life is improved by adoption of special types of steels and heat-treating methods 
in combination therewith. 

Background of the Invention 

The outer ring of a constant velocity joint made of a steel, the outer ring of a bearing for a wheel, a type of rolling 
contact bearing, (these outer rings are hereinafter referred to as "outer members" in the following general descriptions), 
and the outer member of a ball screw have complicated shapes having thick-wall sections and thin-wail sections. When 
these are subjected to carburizing or quench hardening, they are distorted in shape. In addition, when the screw section 
on the shaft of the outer member of a constant velocity joint and the mounting hole sections of the outer member of a 
bearing for a wheel are hardened, they are deteriorated in toughness. It is therefore necessary to leave them unhardened. 
For these reasons, in fabricating such a unit, middle carbon steels for structural use have been utilized, and induction 
hardening, which is most suited for local-hardening, has also been applied to the rolling or sliding surfaces of rolling or 
sliding elements to form case-hardened layers thereon. Furthermore, since the balls and rollers (hereinafter simply 
referred to as "rolling elements") used for the above-mentioned mechanical bearing or joint unit are simple in shape, 
they are made of a bearing steel, more specifically a high carbon chromium bearing steel (consisting of 1% carbon, 
1.5% Cr, etc.) superior in hardenability and rolling fatigue life, and are subjected to quench hardening and tempering 
before use. 

For the above-mentioned materials to be subjected to induction hardening, in addition to carbon steels for structural 
use which can be easily forged, a steel for structural use consisting essentially of 0.6 to 0.8% of carbon (weight %, 
hereinafter simply referred to as "%") and 0.5 to 1 .0% of Si and Al in total has been developed and utilized (Unexamined 
Japanese Patent Publication No. 3-199.340, No. 1-127,651). Since these types of steels are inexpensive and can be 
easily forged, they are suited for outer members having complicated shapes, they are less deformed during heat treat- 
ment at the time of local induction hardening, and they have tough cores. Furthermore, since their hardened layers 
obtained after induction hardening and tempering are superior in heat resistance and wear resistance, they have long 
rolling fatigue lives and thus have been used preferably for such outer members and inner rings (hereinafter referred to 
as "inner members"). 

In addition, a bearing part made of the above-mentioned high carbon chromium bearing steel, carbonitrided on the 
surface thereof and then quench hardened and tempered has been proposed (USP No. 3,216,869). Furthermore, a 
heat treatment method (Unexamined Japanese Patent Publication No. 62-218.542) is known whereby the amount of 
retained austenrte in the core is reduced as less as possible by tempering at a relatively high temperature after hardening 
and an appropriate amount of austenite remains in the carburized surface layers to improve the rolling fatigue life of 
such a bearing or joint unit. 

Problems to be solved 

When an induction hardened material consisting of a middle carbon steel was used for the race members of bearings 
and the outer members of constant velocity joints, the lives of these outer members were generally shorter than those 
of the rolling elements made of a quench hardened high carbon chromium bearing steel. However, as outer members, 
such as those described above, being made of induction hardened middle carbon steels and having longer lives, have 
been developed, and as the bearings and constant velocity joints for automobiles are requested to be made smaller and 
lighter, the contact stress applied to the rolling surfaces or the like is apt to increase. In these high contact stress operation 
conditions, the rolling fatigue lives of rolling elements made of a quench hardened high carbon chromium bearing steel 
have become unsatisfactory relative to those of the outer members. 

This relative reduction in the fatigue lives of the rolling elements under high contact stress is caused owing to the 
spalling of the surfaces of the rolling elements, the spalling being induced by abrasion powder generated by the abrasion 
on the rolling surfaces or sliding surfaces of the hardened outer members made of induction hardened materials. The 
spalling of the surfaces of the rolling elements occurs frequently in the cases wherein both the sliding and rolling move- 
ments of the rolling elements are caused on the sliding surfaces between the rolling elements and the outer members 
of bearings or joint units, particularly, constant velocity joints. 

When the quench hardened or carbonitrided parts made of the above-mentioned high carbon chromium bearing 
steel are used to prevent and reduce the abrasion of the outer members, it is difficult to forge them in complicated shapes. 
Great reliance must be placed on machining. This machining is unsuited for mass production and increases production 
costs, thereby being impractical. 
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Accordingly, it is an object of the present invention to provide a mechanical part having rolling contact elements 
superior in fatigue life, reliability and mass production capability to meet the needs for longer fatigue lives of the rolling 
surfaces of the outer members by extending the limits of the fatigue lives which depend on the spailing of the surfaces 
of the rolling elements. 

5 

Disclosure of the Invention 

The present invention relates to a mechanical part having rolling contact elements comprising an outer member 
whose inner surface is provided with rolling or sliding surfaces, an inner member whose outer surface is provided with 
jo rolling or sliding surfaces, and rolling elements rotatably or slidably interposed between the rolling or sliding surfaces of 
the outer and inner members, and characterized in that the outer member is made of a steel consisting essentially of at 
least 0.50 to 0.70% of carbon and 0.5 to 1.0% by total weight of one or a combination of Si and Ai. that the rolling or 
sliding surfaces are provided with hardened layers obtained by induction hardening, that the rolling elements are made 
of a high carbon chromium bearing steel having been hardened and tempered, and that the outer surfaces of the rolling 
75 elements are provided with carbonitrided surface layers. 

These types of mechanical parts having rolling contact elements are constant velocity joints, bearings for wheels 
and ball screws. In addition to balls, cylindrical and tapered rollers are also used as rolling elements. 

Since the outer member is made of a middle carbon steel for induction hardening, consisting essentially of 0.50 to 
0.70% of carbon, and the rolling and sliding surfaces thereof are tempered after induction hardening, the unhardened 
20 core thereof is left nearly soft and superior in impact resistance. On the other hand, since compressive stress caused 
by transformation during induction hardening remains at the hardened surface layers such as the layers for the rolling 
surfaces, the hardened layers are superior in wear resistance and prevent the progress of surface spailing caused by 
cracks at the surface layers, thereby extending the rolling fatigue life of such a mechanical bearing or joint unit. 

If the content of carbon in this steel for induction hardening is less than 0.50%, the material has insufficient induction 
25 hardening capability. On the other hand, if the content is more than 0.70%, the material becomes inferior in hot workability. 
The content of carbon should therefore be in the range of 0.50 to 0.70%. and more preferably be in the range of 0.60 
to 0.70%. 

Since this steel for induction hardening contains 0.5 to 1 .0% by total weight of one or a combination of Si and AI, 
the temper softening resistance of the steel is enhanced by AI and/or Si, and the hardened layers are less softened even 

30 when the rolling surfaces are heated under high contact stress operation conditions. The hardened layers can thus have 
superior heat resistance. Furthermore, even when the steel is tempered at temperatures in the range of 180 to 260°C, 
higher than a normal tempering temperature of 170°C, the hardness of the case-hardened layers is hardly reduced and 
the retained austenite in the steel can be adjusted to an appropriate amount of 1 5% or less by volume, thereby ensuring 
substantial hardness and toughness of the hardened layers. 

35 if the total content of Si and AI is less than 0.5%, the steel exhibits insufficient temper softening resistance and heat 
resistance. If the content is more than 1 .0%, the steel exhibits insufficient hot workability. The total content of Si and AI 
should therefore be in the range of 0.5 to 1.0%. Usually, an AI killed steel containing 0.70 to 0.90% of Si and 0.03% of 
AI is used for the steel mentioned above. 

The contents of two other ingredients, Mn and Cr, should be 1 .5% or less for each. However, since Mn ensures the 

40 toughness of the core and enhances the hardenability of the layers case-hardened by induction hardening, the content 
of Mn should be adjusted in the range of 1 .0 to 1 .2%. Cr is not added and the content of Cr is thus usually 0.3% or less. 

On the other hand, the high carbon chromium bearing steel of the rolling element is a steel consisting essentially 
of 0.90 to 1.10% of carbon, 0.1 5 to 0.70% of Si, 1.0%orlessof Mnand 1.0 to 1.6% of Cr. When this steel is carbonitrided, 
the Ms point of the carbon/nitrogen concentrated layer in the surface layer of the rolling element is lowered, so that 

45 martensite transformation at the carbonitrided surface layer is made slower than that at the core in the hardening process 
after austenitizing. As a result, residual compressive stress is generated in the surface layer after the transformation, 
the amount of retained austenite increases, fine carbonitrides are dispersed and precipitated in the matrix of the surface 
layer, thereby increasing the hardness, wear resistance and fatigue resistance of the rolling element. 

Even when abrasion powder generated owing to the abrasion on the rolling surface of the outer or inner member 

so enters inside, the carbonitrided rolling element retards the spailing of the surface of the rolling element and extends the 
life thereof. As a result, the entire rolling contact bearing or the entire constant velocity joint has a longer life, thereby 
enhancing the reliability thereof. 

As a high carbon chromium bearing steel, JIS SUJ2 steel (refer to Table 4; equivalent to DIN 1 00Cr6 steel and SAE 
52100 steel) is used preferably. When carbon itriding this high carbon chromium bearing steel by using a gas carbon i- 

55 triding method, rolling elements are kept heated generally in the atmosphere of an endothermic gas (composed of about 
20% of CO, about 35% of H 2 and about 40% of N 2 ; hereinafter referred to as "RX gas") added with a hydrocarbon gas 
such as methane to raise a carbon potential and also added with ammonia as a nitriding agent. Instead of the RX gas, 
a nitrogen-based exothermic gas (nonoxidative exothermic gas composed of about 2% or less of CO, about 2% or less 
of H 2 and the remainder being almost N 2 ; hereinafter referred to as "NX gas") and a nitrogen gas can also be used. 
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When the surface layer of the rolling element is carbonitrided in a mixed gas, that is, a gas composed of a nitrogen 
gas or the above-mentioned NX gas mixed with a hydrocarbon gas and an ammonia gas. the surface layer is highly 
nitrided and significantly hardened by hardening, thereby having enhanced wear resistance and fatigue resistance. 
Unlike the atmosphere of a mixed gas composed of the conventional RX gas and an ammonia gas (nitriding agent), 

5 which includes a large amount of hydrogen gas, the NX gas based atmosphere can contain a less amount of hydrogen 
gas. This is beneficial in that the fear of hydrogen embrittlement decreases during the use of the rolling element. 

In the present invention, the steel for the inner member, generally having a simple cylindrical shape, can be selected 
from three different steels: a carburized low carbon chromium steel for structural use (0.13 to 0.48% of carbon, 0.90 to 
1 .20% of Cr; for example, JIS SCr41 5 steel listed in Table 4. or the like), an induction hardened middle carbon steel for 

10 structural use (0.47 to 0.61% of carbon; for example, JIS S53C steel listed in Table 4) and a quench hardened high 
carbon chromium bearing steel mentioned above (for example, JIS SUJ2 steel listed in Table 4, or the like). 

Since the outer member of the mechanical bearing or joint unit of the present invention is made of a middle carbon 
steel for hardening and is superior in formability as described above, it can be formed in a complicated shape. Further- 
more, since the inner surface (including the rolling and sliding surfaces) of the outer member is formed as an induction 

is hardened layer of the middle carbon steel, the inner surface is slightly inferior in wear resistance but superior in spalling 
resistance to the surfaces of the rolling elements when the rolling elements roll and slide on the inner surface. On the 
other hand, since the rolling element is made of a high carbon chromium steel and the outer circumferential surface 
thereof has a surface layer hardened by carbonitriding, the rolling element is superior in wear resistance and rolling 
fatigue resistance to a quench hardened element. As a result, the above-mentioned joint unit or bearing has a longer 

20 fatigue life as a whole. 

The outer member can be easily machined, formed and heat-treated by induction heating even when it has a com- 
plicated shape. In addition, since the rolling element, which is simple in shape, is suited for carbonitriding, and the bearing 
or joint unit can be made lighter by using a selected material suited for the inner member. For these reasons, the bearing 
or joint unit of the present invention is suited for mass production without increasing processing and heat treatment costs. 

25 

Brief Description of the Drawings 

Fig. 1 (A) and Fig. 1 (B) are vertical sectional views of a bearing for a wheel and a fixed type ball joint, respectively, 
used for automobiles, according to the present invention. 
30 Fig. 2 shows Vickers hardness distributions of the surface layers at the cross sections of steel balls which have been 
carbonitrided and tempered. 

Fig. 3 (A) and Fig. 3 (B) are microscopic photos taken at the cross sections near the surfaces of steel balls which 
have been carbonitrided and then tempered. (Magnification: 400, corrosive liquid: picric acid .alcoholic solution) 
Fig. 4 shows Vickers hardness distributions of the surface layers at the cross sections of steel balls which have been 
35 carbonitrided and tempered at a low temperature, then tempered at a high temperature of 500°C for 1 hour. 

Best Mode Embodied by the Invention 

First, the details of the present invention will be described below referring to the accompanying drawings. 

40 Fig. 1 (A) is a vertical sectional view of a bearing for a wheel used to support wheels of automobiles, which is taken 
as an example. The structure of the bearing has already been known. A flange 5 is integrated with the outside of an 
outer ring 7 which is used as an outer member. The flange 5 is provided with bolt holes 51 through which mounting bolts 
(not shown) are inserted to secure the flange 5 to an automobile wheel. At the front and back positions on the circum- 
ference of the inner surface of the outer ring 7, two race ways 60 having rolling surfaces 6 are provided, in which two 

45 rows of balls 8 used as rolling elements are disposed at the front and back positions. 

An inner ring 2 used as an inner member comprises a pair of inner rings 2a, 2b disposed back and forth in the axial 
direction thereof and each having a rolling surface 1 at an end thereof adjacent to a diameter expansion section 21 , on 
which the above-mentioned bails 8 roll. The inner rings are disposed inside the hollow section of the outer ring 7 with 
the other end surfaces of the inner rings abutted each other, and the rolling surfaces 1 slidably contact the balls 8 and 

so are rotatably supported in the outer ring 7. 

In this structure, according to the present invention, the outer ring 7 is integrally formed together with the flange 5 
thereof by hot forging by using a middle carbon steel consisting essentially of 0.50 to 0.70% of carbon added with Al 
and/or Si. A hardened layer 61 is formed by induction hardening and tempering only at the rolling surfaces 6 of the 
grooves 60 and their peripheral sections. 

55 On the other hand, since the inner ring 2 has a relatively cylindrical shape, it is made of JIS SUJ2 steel (a high 
carbon chromium bearing steel) having been quench hardened, and then tempered. 

The balls 8 are made of SUJ2 steel having been carbonitrided, quench hardened and then tempered. As a result, 
hard carbonitrided layers (not shown) are formed on the surfaces of the balls 8. 
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Fig. 1 (B) shows an example of a fixed type ball joint which is a type of constant velocity joint and another subject 
of the present invention. In an outer ring 7 used as an outer member, several stripes of rolling grooves 60 having rolling 
surfaces 6 on the inner circumferential surface of a mouth 7a are disposed along the axial direction of the outer ring 7. 
A serration 71 is formed by thread-rolling on the outer circumference of the stem 7b of a shaft integrally projected from 
5 the end of the mouth 7a. The outer ring 7 is integrally formed by hot forging by using the above-mentioned middle carbon 
steel consisting essentially of 0.50 to 0.70% of carbon added with Al and/or Si. Hardened layers 61 which have been 
induction hardened and then tempered are formed on the inner circumferential surface of the mouth 7a and the rolling 
surfaces 6 thereof. 

In the mouth 7a of the outer ring 7, an inner ring 2 used as an inner member is supported via balls 8 which are used 
io as rolling elements and fit in rolling grooves 10. This inner ring 2 is made of SCr415 steel which has been carburized, 
hardened and then tempered, and at least the rolling surfaces 1 inside the rolling grooves are hardened. The balls 8 are 
made of SUJ2 steel which has been gas carbonitrided, hardened and then tempered. 

In addition, a ball screw (not shown) which is still another subject of the present invention is a mechanical bearing 
wherein a screw shaft used as an inner member functions together with a nut used as an outer member via balls used 
is as rolling elements. In the present invention, the nut is made of the above-mentioned steel consisting essentially of 0.50 
to 0.70% of carbon added with Al and/or Si and formed by hot forging, and the ball rolling surfaces thereof are induction 
hardened. The balls are made of SUJ2 steel which has been gas carbonitrided, hardened and then tempered. The screw 
shaft of the ball screw is made of SUJ2 steel having been quench hardened or a low chromium steel for structural use 
having been carburized. 

20 Next, rolling fatigue life tests are described below, which were conducted for three samples made of different steels 
for induction hardening. 

For a sample, a middle carbon steel added with Si (consisting essentially of 0.65% of carbon, 0.80% of Si, 1.10% 
of Mn, 0.015% of P, 0.010% of S, 0.030% of A! and 0.20% of Cr; hereinafter referred to as "NKJ65 steel*) was used. 
This sample was machined by a lathe into a cylindrical shape with an allowance for precise grinding. The outer circum- 
25 ferential surface thereof was induction hardened and tempered at 1 70°C for 2 hours in accordance with a conventional 
method. The sample was then finished into a cylindrical test piece of 12 mm in diameter and 22 mm in length. 

As comparison examples, a sample made of J IS S53C steel (middle carbon steel for structural use) and a sample 
made of SUJ2 steel (high carbon chromium bearing steel) were selected and machined by a lathe into cylindrical pieces. 
The S53C steel was induction hardened and then tempered at 170°C for 2 hours. The SUJ2 steel was austenitized at 
30 850°C for 0.5 hours and quickly cooled in oil (quench hardened), then tempered at 1 80°C for 2 hours. Both the samples 
were also finished into similar cylindrical test pieces. 

Next, by using a cylindrical rolling element fatigue life tester (made by NTN Co., Ltd., the applicant of the present 
invention), the cylindrical test pieces were subjected to life tests at a rotation speed of 23, 1 20 rpm under a load amounting 
to Hertz maximum contact stress of 600 kgf/mm2. The results of the tests are shown in Table 1 . 

35 



Table 1 



Cylindrical rolling element fatigue life tests 


Steel 


Heat treatment 


10% life 


S53C 


Induction hardening 


2000- 3800 x10* 


NKJ65 


Induction hardening 


8200x104 


SUJ2 


Quench hardening 


7000 x1(H 



According to the results shown in Table 1 , it is found that the induction hardened test piece made of NKJ65 steel is 
superior in fatigue life to the quench hardened test piece made of SUJ2 steel. On the other hand, the test piece made 
so of S53C steel is far more inferior in life to the test piece made of NKJ65 steel and the test piece made of SUJ2 steel. 

Next, assuming a bearing for a wheel mentioned before as an example of the present invention, ball bearings con- 
forming to J IS Bearing No. 6206 (62 mm in outer ring diameter and 30 mm in inner ring diameter) were formed by using 
induction hardened samples made of middle carbon steels (S53C and NKJ65 having the above-mentioned composition) 
as outer rings, by using hardened and tempered samples made of a high carbon chromium bearing steel (SUJ2 steel) 
55 as inner rings, and by using carbonitrided bails made of a high carbon chromium bearing steel (SUJ2 steel) as rolling 
elements. These bearings were then subjected to rolling fatigue tests. 

To carbonitride the balls, they were heated by a bright quenching furnace in an atmosphere composed of 1 00 parts 
of RX gas for bright quenching, one part of propane gas and 1 0 parts of ammonia gas by volume at 850°C for 1 .5 hours, 
and then quenched in oil. The balls were then tempered at 170°C for 2 hours. 
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As a comparison example, a bearing, comprising an outer ring made of a quench hardened high carbon chromium 
steel (SUJ2) and balls also made of a quench hardened SUJ2 steel, was subjected to the life test. After austenitized at 
850°C for 0.5 hours, the bearing was quenched in oil and tempered at 1 60°C for 2 hours. The results are shown in Table 2. 

The life tests were conducted by using the 6206 type bearings, at a bearing load of 700 kgf, at a rotation speed of 
5 2000 rpm and in the circular lubrication conditions using turbine oil VG56. 

According to Table 2. in the bearings broken during the life tests, it is found that ball spalling occurs less frequently 
in the combination of an outer ring made of a middle carbon steel and carbonitrided balls made of a high carbon chromium 
steel, such as the example of the present invention, than in the conventional combination of an outer ring made of a 
middle carbon steel and quench hardened balls made of a high carbon chromium steel. It is also found that the spalling 
w frequency of the former is similar to that of the combination of an outer ring and balls, both of which were quench 
hardened, and that the life of the former is longer than the latter 



Table 2 



Results of the bearing rolling life tests 1) 


Test No. 


Outer ring 


Ball 


Ball spalling frequency (%) 


Life(h) 




Steel 


Heat treatment 


Steel 


Heat treatment 






1 


S53C 


Induction hardening 


SUJ2 


Quench hardening 


40 


210 


2 


S53C 


Induction hardening 


SUJ2 


Carbonitriding 


5 


280 


3 


NKJ65 


Induction hardening 


SUJ2 


Quench hardening 


60 


300 


4* 


NKJ65 


Induction hardening 


SUJ2 


Carbonitriding 


10 


650 


5 


SUJ2 


Quench hardening 


SUJ2 


Quench hardening 


10 


600 



1) Inner ring: quench hardened SUJ2 Bearing type number: J IS 6206 

(outer diameter: 62 mm. inner diameter: 30 mm) Load condition: 7000 kgf. rotation speed: 2000 rpm 

2) * The example of the present invention 



30 

Furthermore, an example of a fixed type ball joint mentioned before, comprising an induction hardened outer ring 
made of a middle carbon steel and carbonitrided balls made of a high carton chromium steel (SUJ2) as rolling elements, 
is described below. 

35 The rolling elements thereof are balls of 1 6.669 mm in diameter. By using a bright quenching furnace and by selecting 
the RX gas or NX gas as a carrier gas. in an atmosphere composed of 100 parts of the carrier gas, one part of butane 
gas used as a carburizing agent and 10 parts of ammonia gas used as a nitriding agent by volume at room temperature 
and normal pressure, the balls were carbonitrided at 850°C for 2 hours. After quenched in oil, the balls were tempered 
at 170°Cfor2hours. 

40 Fig. 2 shows hardness distribution curves measured by using a Micro- Vickers hardness tester in the range of the 
surfaces to the cores at the cross sections of two types of balls which were carbonitrided and then tempered. Although 
the surface layer becomes slightly harder than the core when carbonitrided, the ball heat-treated in an atmosphere based 
on the NX gas (represented by curve a in the figure) is harder at the surface layer than the ball heat-treated in an 
atmosphere based on the RX gas (represented by curve £ in the figure), that is, the hardness of the former is higher 

45 than the latter by HRC 1 to 2 when the hardness is converted into Rockwell C hardness. 

Fig. 3 (A) and Fig. 3 (B) are microscopic photos taken near the surfaces at the cross sections of the two types of 
heat-treated steel balls. Fine carbides are observed in the surface layer of the steel ball carbonitrided in the atmosphere 
based on the NX gas (according to Fig. 3 (A)) . It is assumed that these fine carbides contribute to improve wear resistance. 
Fig. 4 shows the hardness distributions of two types of steel balls which were tempered at a low temperature in the 

so manner similar to that applied to the two types of steel balls shown in Fig. 2 and then further tempered at a high tem- 
perature of 500°C for 1 hour. Although the core is softened to a hardness of Hv 500 or less by the tempering at the high 
temperature, the surface layer still has a hardness of Hv 600 or more. This indicates that the surface layer is difficult to 
be softened even if the rolling surface is heated by friction during use. The hardness of this surface layer is provided by 
the precipitation and dispersion of carbonitrides wherein nitrogen has been penetrated from the surface during the car- 

55 bonitriding process. Furthermore, in Fig. 4, the hardness of the hardened layer on the surface of the steel ball carbon- 
itrided in the atmosphere based on the NX gas (curve a in the figure) is higher than that of the steel ball carbonitrided 
in the atmosphere based on the RX gas (curve b in the figure). It is assumed that this difference in hardness is caused 
by the difference in the amount of nitrogen in the surface layer. 
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Next, fixed type ball joints were subjected to life tests. The fixed ball joints are categorized as a type shown in Fig. 
1 (B). Two types of outer rings were used: a forged sample made of S53C steel and a forged sample made of the above- 
mentioned NKJ65 steel. The inner circumferential surfaces at the mouths of the two types of outer rings were induction 
hardened. The inner rings thereof were carburized samples made of SCr415 steel and similar to the conventional inner 
5 rings. 

The balls used as the rolling elements were carbonitrided samples made of SUJ2 steel. As described before regard- 
ing the above-mentioned example, in the atmospheric gas in the furnace used for carbonitriding, either the RX gas or 
NX gas was used as a carrier gas. Each gas was formed by mixing a propane gas and an ammonia gas. The heat 
treatment conditions were the same as those for the above-mentioned example. The comparison examples were ball 
10 joints made by using quench hardened balls made of the conventional SUJ2 steel. 

The life tests of fixed type ball joints were conducted at an activation angle of 6°. a load torque of 21 kgf-m and a 
rotation speed of 1 700 rpm. 

The test results are shown in Table 3. When induction hardened samples are used as the outer rings in the same 
way, the carbonitrided bails are more effective than the conventional quench hardened balls in extending the lives of the 
rs joints. Furthermore, the carbonitrided samples heat-treated in the atmosphere based on the NX gas is found to be 
superior in extending the rolling fatigue lives to those samples heat-treated in the atmosphere based on the RX gas. 



Table 3 



Results of the constant velocity ball joint life tests ^ 


Test No. 


Outer ring 


Ball 


10%life(h) 




Steel 


Heat treatment 


Steel 


Heat treatment 




A 


S53C 


Induction hardening 


SUJ2 


Quench hardening 


68 


B 


S53C 


Induction hardening 


SUJ2 


RX gas based carbonitriding 


120 


• C 


NKJ65 


Induction hardening 


SUJ2 


Quench hardening 


138 | 


D* 


NKJ65 


Induction hardening 


SUJ2 


RX gas based carbonitriding 


225 


E* 


NKJ65 


Induction hardening 


SUJ2 


NX gas based carbonitriding 


300 



1) Inner ring: carburized SCr4l5 steel 

Load torque: 21 kgf-m, rotation speed: 1700 rpm, activation angle: 6° 

2) * Example of the present invention 



35 

A mixed gas based on the NX gas was used as a carbonitriding gas in the example of the present invention. However, 
instead of the mixed gas, a mixed gas composed of a nitrogen gas, a hydrocarbon gas and an ammonia gas can also 
be used. 

40 



Table 4 



45 



Steels specif ied in J IS and their chemical compositions (%) 


Steel 


C 


Si 


Mn 


P 


S 


Cr 


SCr415 


0.13-0.18 


0.15-0.35 


0.60 - 0.85 


s 0.030 


§ 0.030 


0.90-1.20 


S53C 


0.50 - 0,56 


0.15-0.35 


0.60-0.90 


s 0.030 


s 0.035 




SUJ2 


0.95-1.10 


0.15-0.35 


sO.50 


S 0.025 


s 0.025 


1.30-1.60 



Industrial Applicability 

The mechanical bearing or joint unit of the present invention having rolling elements is suited for such a mechanical 
bearing or joint unit comprising an outer member having a complicated shape, particularly, a constant velocity joint for 
a rotation drive power transmission system, a bearing for a wheel used to rotatably support an automobile wheel, and 
a ball screw for machine control in the automobile and other mechanical industries. 
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Claims 

1. A mechanical part having rolling contact elements comprising: 

an outer member whose inner surface is provided with rolling or sliding surfaces; 
5 an inner member whose outer surface is provided with rolling or sliding surfaces; and 

rolling elements rotatably or slidably interposed between the rolling or sliding surfaces of said outer and inner 
members; 

characterized in that the outer member is made of a steel consisting essentially of at least 0.50 to 0.70% of 
carbon by weight and 0.5 to 1.0% by total weight of one or a combination of Si and Al, that said rolling or sliding 
10 surfaces are provided with hardened layers obtained by induction hardening, that the rolling elements are made of 
a high carbon chromium bearing steel having been hardened and tempered, and that the outer circumferential 
surfaces of the rolling elements are provided with carbonitrided surface layers. 

2. A mechanical part having rolling contact elements according to claim 1 , wherein said mechanical part is a fixed type 
is ball joint 

3. A mechanical part having rolling contact elements according to claim 1 , wherein said mechanical part is a bearing 
for a wheel. 

20 4. A mechanical part having rolling contact elements according to claim 1, wherein said surface layer of the rolling 
element is a surface layer hardened by carbonitriding in a mixed gas composed of a nitrogen gas or an exothermic 
nitrogen-based gas, a hydrocarbon gas, and an ammonia gas. 
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FIG. 4 
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